DIFFERENTIAL ASSEMBLY 
AND 

TRANSAXLE INCLUDING IT 



BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a transaxle provided with a differential assembly 
having a function of limiting differential rotation of axles. 

Related Art 

[0002] As disclosed in Japanese Laid Open Gazette No, Hei 5-79,544, there is a 
well-known conventional transaxle having an axle casing, in which a transmission, a 
differential assembly for differentially connecting axles, and a deceleration assembly for 
transmitting power to the differential assembly are disposed. Especially, the 
transmission in the disclosed transaxle is a hydrostatic transmission (HST), and the 
transaxle is named "IHT". The differential assembly in the disclosed transaxle (IHT) is 
a normal type comprising a bull gear rotatably supported on the axles, a pinion rotatably 
supported in the bull gear, and side gears fixed on the respective axles to mesh with the 
pinion. 

[0003] Generally, minimization, simplification and low cost are desired for such a 
transaxle. In the above conventional IHT, the deceleration assembly is especially 
simplified and disposed in a recess formed in the HST so as to reduce the distance 
between the HST and the differential assembly. 

[0004] On the other hand, there are various conventional differential assemblies having 
helical or worm gears to limit differential rotation of axles, as disclosed in Japanese Laid 
Open Gazette Nos. Hei 2-225,843 and 10-115,360, U.S. Patent Nos. 2,631,475 and 
5,169,370. However, such a differential assembly having the differential-limiting 
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function is so complicated, large and expensive as to make its use prohibitive in 
assembling a transaxle that is simple, compact and economical. 

BRIEF SUMMARY OF THE INVENTION 

[0005] A main object of the present invention is to provide a transaxle into which a 
differential assembly can be easily assembled, and which effectively uses a space in a 
housing of the transaxle so as to simplify and miniaturize a power train in the housing. 
[0006] To achieve the object, a differential assembly according to the present invention 
is comprised of a pair of coaxial axles, a pair of gear train units assembled with 
respective axles, and a common bull gear for the pair of gear train units. Each of the 
pair of gear train units is provided with a sun gear fixed on each of the axles, a holder 
relatively rotatably provided on each of the axles, and a planetary gear supported by the 
holder so as to mesh with the sun gear. Both of the holders integrally engage with the 
bull gear. 

[0007] Therefore, the differential assembly can be easily assembled and disassembled. 
Also, it can be made so compact as to be easily assembled into the transaxle. 
[0008] Moreover, a transaxle according to the present invention is comprised of a 
transmission, a pair of axles, a deceleration assembly for decelerating rotation outputted 
from the transmission, the above-mentioned differential assembly for transmitting power 
from the deceleration assembly to the pair of axles, and a common housing containing 
the transmission, the pair of axles, the deceleration assembly and the differential 
assembly, so as to be miniaturized. 

[0009] Common fluid in the common housing is effectively used as hydraulic fluid for 
the transmission, and as lube for the deceleration assembly and the differential assembly. 
[0010] The transaxle further comprises contacting portions formed in the housing, 
wherein the pair of gear train units of the differential assembly are brought into contact 
with the respective contacting portions so as to be located in the housing. Therefore, the 
unified differential assembly can be easily positioned to be assembled in the transaxle. 
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[0011] These, other and further objects, features and advantages of the invention will 
appear more fully from the following description taken in connection with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES 

[0012] Fig. 1 is a plan view of a transaxle equipped with a differential assembly 
according to a first embodiment of the present invention, from which an upper distributor 
body of a housing and a hydraulic pump are removed. 

[0013] Fig. 2 is an enlarged side view of the differential assembly in the transaxle, from 
which a bull gear is removed. 

[0014] Fig. 3 is an exploded perspective view of the differential assembly while being 
assembled. 

[0015] Fig. 4 is an enlarged plan view of the differential assembly in the transaxle. 
[0016] Fig. 5 is a plan view of a transaxle equipped with a differential assembly 
according to a second embodiment of the present invention, from which an upper 
distributor body of a housing and a hydraulic pump are removed. 

[0017] Fig. 6 is an enlarged side view of the differential assembly in the transaxle, from 
which a bull gear is removed. 

[0018] Fig. 7 is an exploded perspective view of the differential assembly while being 
assembled. 

[0019] Fig. 8 is an enlarged plan view of the differential assembly in the transaxle. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] To begin with, explanation will be given of common features in a configuration 
of a transaxle 1 according to a first embodiment illustrated in Figs. 1 to 4 and a second 
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embodiment illustrated in Figs. 5 to 8. 

[0021] Referring to Fig. 1 or 5, the transaxle 1 has a housing 10 vertically dividable 
through a horizontal surface. In the common housing 10 are disposed an HST 
(hydrostatic transmission) 20 serving as a transmission, a differential assembly 25 or 125 
differentially connecting left and right axles 12L and 12R, and a deceleration assembly 
15 drivingly interposed between the HST 20 and the diflFerential assembly 25 or 125. 
The left and right axles 12L and 12R project laterally oppositely from the housing 10 to 
be provided on their distal ends with respective drive wheels (not shown). 
[0022] In the housing 10 are formed a first chamber 10a, in which the HST 20 is 
disposed, and a second chamber 10b, in which the deceleration assembly 15 and the 
differential assembly 25 or 125 are disposed. The first and second chambers 10a and 
10b are mutually fluidly open for free passage, and full of common fluid used as lube and 
hydraulic fluid for the HST 20, the deceleration assembly 15, and the differential 
assembly 25 or 125. 

[0023] The HST 20 comprises a center section 44 onto which a hydrauUc pump 21 
having a vertical rotary axis and a hydraulic motor 3 1 having a horizontal rotary axis in 
parallel to the axles 12L and 12R are mounted so as to be mutually fluidly connected. 
[0024] The hydrauUc motor 31 comprises a cylinder block 45 slidably and rotatably 
fitted onto a vertical motor mounting surface of the center section 44. Pistons 46 are 
reciprocally fitted into respective cylindrical bores in the cylinder block 45 through 
respective energization springs 47. A thrust bearing 49 of a swash plate 48 contacts 
heads of the pistons 46. The swash plate 48 and the thrust bearing 49 are bored together 
by a central hole through which a horizontal motor shaft 30 serving as the rotary axis of 
the hydraulic motor 3 1 is passed. 

[0025] The hydraulic pump 21 is arranged between the hydraulic motor 31 and the axles 
12L and 12R. A pair of kidney shaped ports 44a and 44b are bored in the center section 
44 and open upward in a horizontal pump mounting surface of the center section 44 so as 
to be connected to cylindrical bores in a cylinder block 23 of the hydraulic pump 21 
slidably and rotatably fitted on the pump mounting surface. Pistons are reciprocally 
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fitted into the cylindrical bores in the cylinder block 23 of the hydraulic pump 21 on 
biasing springs, respectively, and heads of the pistons contact a thrust bearing of a 
movable swash plate disposed above the cylinder block 23. A vertical pump shaft 22 
serving as the rotary axis of the hydraulic pump 21 projects upward from the cylinder 
block 23 to be passed through the movable swash plate and the thrust bearing so as to be 
driven by an engine or another prime mover outside the housing 10. 
[0026] A pump control shaft 37 is rotatably supported by the housing 10. In the 
housing 10, an arm 38 is fixed to the shaft 37 and engages with a side of the movable 
swash plate of the hydraulic pump 21. The shaft 37 projects outward fi-om the housing 
10 to be fixed to a pump control lever 18. 

[00271 The lever 18 is turned to rotate the pump control shaft 37 so as to adjust the tilt 
angle of the swash plate of the hydraulic pump 21, thereby adjusting the quantity and 
direction of fluid delivered from the hydraulic pump 21 for determining the traveling 
speed and direction of the vehicle. 

[0028] A neutral return spring 39 is wound around the control shaft 37 so as to 
automatically return the movable swash plate to a neutral position for delivering no fluid 
from the hydraulic pump 21 when the movable swash plate is released from an 
operational force. The ends of the spring 39 are crossed and extended in parallel so as 
to clamp a movable pin 41 and a fixed pin 42. The movable pin 41 is fixed to the pump 
control arm 38 so as to be movable together with the movable swash plate. The fixed 
pin 42 is planted through a wall of the housing 10. The fixed pin 42 has a first portion 
clamped by the spring 39 and a second portion screwed into the wall of the housing 10. 
The first portion is eccentric to the second portion so as to be revolved around the second 
portion by rotating the second portion outside the housing 10, thereby adjusting the 
neutral position of the movable swash plate relative to the pump control shaft 38. 
[0029] In this embodiment, the neutral returning and adjusting mechanism of the 
movable swash plate, constituted by the spring 39, the pins 41 and 42, etc., is disposed 
around the control shaft 37 in the housing 10. Alternatively, such mechanism may be 
disposed around the control shaft 37 outside the housing 10. 
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[0030] The motor shaft 30 projects into the second chamber 10b of the housing 10 to 
carry a fixed gear 35 and a spline-fitted brake disk 51. The brake disk 51 is disposed 
between a pressure member 52a and a brake pad 52b. A vertical camshaft 53a is 
disposed adjacent to the brake pad 52b in the housing 10 and fixedly provided thereon 
with a brake control lever 53 outside the housing 10. By turning the lever 53 for 
braking, the camshaft 53a is rotated so as to press the brake disk 51 between the pressure 
member 52a and brake pad 52b, thereby braking the motor shaft 30. 
[0031] In this embodiment, both of the hydrauHc pump 21 and motor 31 are disposed in 
the housing 10. Alternatively, one of the hydraulic pump 21 and motor 31 may be 
disposed outside the housing 10 and fluidly connected to the other motor 31 or pump 21 
in the housing 10 through piping or by another means. 

[0032] In the second chamber 10b, the deceleration assembly 15 is configured to 
include a counter shaft 56 in parallel to the axles 12L and 12R. The counter shaft 56 
carries a diametrically large gear 57 and a diametrically small gear 58 fixed to each other. 
The large gear 57 constantly meshes with the gear 35 fixed on the motor shaft 30. The 
small gear 58 constantly meshes with a bull gear 61 of the differential assembly 25 or a 
bull gear 161 of the differential assembly 125. Such a deceleration assembly 15 
transmits the torque of the motor shaft 30 to the differential assembly 25 or 125. 
[0033] As shown in Fig. 4 or 8, on the left side of the differential assembly 25 or 125, 
an axle support portion 10c having an upwardly open semicircular recess projects upward 
from the bottom surface of the housing 10. On the right side of the differential 
assembly 25 or 125, a partition wall of the housing 10 between the first and second 
chambers 10a and 10b is partly formed into an axle support portion lOd having an 
upwardly open semicircular recess. The left axle 12L is rotatably supported in the 
recess of the axle support portion 10c through a bearing sleeve 81, and the right axle 12R 
in the recess of the axle support portion lOd through another bearing sleeve 81. The 
upper distributor body (not shown) of the housing 10 has left and right axle support 
portions having respective downward open semicircular recesses similar to the portions 
10c and lOd, so that, when the housing 10 is assembled by joining the upper and lower 



6 



distributor bodies thereof, the upper and lower axle support portions contact each other 
and their semicircular recesses are joined to form perfect circular holes, in which the 
respective axles 12L and 12R are rotatably supported through the respective bearing 
sleeves 81. 

[0034] Between the left and right axle support portions 10c and lOd, i.e., between the 
left and right bearing sleeves 81 are disposed the differential assembly 25 or 125 and the 
differential lock assembly 60 on one (in these embodiments, right) side of the differential 
assembly 25 or 125. A retaining ring 80 is sandwiched between the left end of the 
differential assembly 25 or 125 and the bearing sleeve 81 held in the left axle support 
portion 10c on the left axle 12L. Another retaining ring 80 is disposed on the left end of 
the right axle support portion lOd on the right axle 12R between the right end of the 
differential lock assembly 60 and the bearing sleeve 81. In this way, the left and right 
retaining rings 80 contact the left and right ends of the differential assembly 25 or 125 so 
as to fix the position of the differential assembly 25 or 125 in the housing 10. 
[0035] The differential lock assembly 60 on one side of the differential assembly 25 or 
125 is provided for locking the left and right axles 12L and 12R to each other. In these 
embodiments, the differential lock assembly 60 is disposed on the right axle 12R on the 
right side of the differential assembly 25 or 125. The differential lock assembly 60 is 
operatively connected to a differential lock operation lever 76 outside the housing 10. If 
one of right and left drive wheels on respective axles 12L and 12R is mired in a ditch, for 
example, the drive wheel in the ditch receives almost all of the output power from the 
HST 20,and rotates freely, and the drive wheel outside of the ditch does not receive 
power fi-om the HST 20 and therefore is not rotated. The operation lever 76 is operated 
so as to actuate the differential lock assembly 60 to cancel the differential rotation of the 
axles 12L and 12R, whereby the output power of HST 20 is substantially evenly 
distributed between both of the drive wheels so that the mired drive wheel can escape 
fi-om the ditch. 

[0036] Each of the differential assemblies 25 and 125 has a fiinction of limiting 
differential rotation of the axles 12L and 12R. 
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[0037] The difFerential assembly 25 shown in Figs. 1 to 4 will now be explained. The 
differential assembly 25 is provided with a holder consisting of left and right half holders 
65L and 65R contacting each other through a vertical dividing surface perpendicular to 
the axles 12L and 12R, The half holders 65L and 65R are formed symmetrically with 
respect to the dividing surface, thereby facilitating their standardization. Further, they 
are shaped suitably for being made of sintered metal. Thus, parts used as either the half 
holders 65 L or 65R may be made inexpensively. 

[0038] Referring to Figs. 2 and 3, axial center portions 65a of the half holders 65L and 
65R are oppositely expanded so as to be relatively rotatably supported on respective 
proximal ends of the axles 12L and 12R. Each axial center portion 65a has an axial 
central hole into which the axle 12L or 12R is inserted. The axial center portion 65a is 
provided around the axial central hole with a plurality of axial holes at regular intervals 
into which lock pins of the differential lock assembly 60 are inserted when differential 
locking. The axial holes for differential locking are also used for insertion of ends of 
later-discussed shafts 68 of planetary gears 75. 

[0039] Each of the half holders 65L and 65R is formed on its peripheral edge with a 
plurality of (in this embodiment, four) radial convex projections 65b. Each of the half 
holders 65L and 65R is provided with a pair of deltaic openings 65c which are symmetric 
with respect to its central axis and open at its surface facing the other half holder 65L or 
65R. The bull gear 61 has a central hole 61a formed with concave recesses 61b 
corresponding to the respective convex projections 65b of the half holders 65L and 65R. 
Both of the half holders 65 L and 65R are inserted into the central hole 61a and their 
convex projections 65b are fitted in the respective concave recesses 61b, whereby the 
half holders 65L and 65R are fixed together to the bull gear 61. The perfect holder as 
the half holders 65L and 65R fitted in the bull gear 61 has symmetrical two holes each of 
which is made by the openings 65c of the half holders 65L and 65R coinciding with each 
other. 

[0040] In the axial central holes of the half holders 65L and 65R, helical sun gears 67L 
and 67R are fixed on the proximal ends of the axles 12L and 12R, respectively. Four 
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helical planetary gears 75 meshing with the respective sun gears 67L and 67R are 
distributed by pairs into the two holes of the assembled holder as the half holders 65L 
and 65R are joined. Each of the planetary gears 75 serves as a gear train between the 
corresponding sun gear 67L or 67R and the bull gear 61. The half holder 65L and the 
sun gear 67L supported on the left axle 12L, and the two planetary gears 75 meshing with 
the sun gear 67L constitute a left gear train unit 72L. The half holder 65R and the sun 
gear 67R supported on the right axle 12R, and the two planetary gears 75 meshing with 
the sun gear 67R constitute a right gear train unit 72R. Thus, each of the gear train units 
72L and 72R is provided with two gear trains as the two planetary gears 75. 
[0041] Each of the planetary gears 75 has the shaft 68 rotatably and axially slidably 
supported at its opposite ends by the half holders 65L and 65R. Each planetary gear 75 
comprises mutually opposite long and short helical gears 70a and 70b fixed on the shaft 
68. In each planetary gear 75, the long helical gear 70a disposed in one of the half 
holders 65L and 65R directly meshes with the sun gear 67L or 67R, and the short helical 
gear 70b disposed in the other half holder 65R or 65L does not mesh with the sun gear 
67L or 67R but directly meshes with the long helical gear 70a of another adjacent 
planetary gear 75 disposed in the same hole of the perfect holder as the joined half 
holders 65L and 65R. Namely, in each of the two holes within the assembled holder, the 
two adjacent planetary gears 75 are disposed axially opposite to each other. Further, in 
each of the half holders 65L and 65R, the two long helical gears 70a in the respective 
openings 65c are disposed symmetrically with respect to the sun gear 67L or 67R 
meshing with them. 

[0042] The two gear train units 72L and 72R, for differentially connecting the axles 12L 
and 12R, are combined between the half holders 65L and 65R and provided as a unit 
fitted in the bull gear 61 such that the gear train units 72L and 72R are not relatively 
rotatable. The combined gear train units 72L and 72R can be easily fitted into the bull 
gear 61 without bolts in the above-mentioned way. Alternatively, a bolt or another 
fastening member may be used for fixing them to the bull gear 61 . 

[0043] As shown in Figs. 1 and 4, in the combined gear train units 72L and 72R, 
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between the long and short helical gears 70a and 70b of each planetary gear 75 is 
disposed a part of either the sun gear 67L or 67R, thereby reducing the radial distance 
between each planetary gear 75 and the axle 12L or 12R. Furthermore, opposite end 
surfaces of each sun gear 67L or 67R are extremely close to proximal end surfaces of the 
long and short helical gears 70a and 70b of the two planetary gears 75 which do not mesh 
with the same sun gear 67L or 67R, and distal end surfaces of the long and short helical 
gears 70a and 70b of each planetary gear 75 are extremely close to inner vertical siu-faces 
of the axial center portions 65a of the half holders 65L and 65R, thereby extremely 
reducing the axial length of differential assembly 25. 

[0044] As mentioned above, when the gear train units 72L and 72R are assembled in the 
bull gear 61 on the axles 12L and 12R and assembled with the differential lock assembly 
60 on the right side, the left end of the left half holder 65L contacts the left retaining ring 
80, and the right end of the differential lock assembly 60 contacts the right retaining ring 
80 (or the axle support portion lOd), whereby the differential assembly 25 and the 
differential lock assembly 60 are fixed in place in the housing 10. 

[0045] In the differential assembly 25, the half holders 65L and 65R are rotated together 
with the bull gear 61 driven by output power of the HST 20 through the deceleration 
assembly 15. If the drive wheels on the respective axles 12L and 12R are evenly loaded 
and driving power is evenly distributed between the drive wheels, the planetary gears 75 
revolve around the sun gears 67L and 67R without rotating relative to the half holders 
65L and 65R, thereby evenly driving the sun gears 67L and 67R, i.e., the axles 12L and 
12R. 

[0046] It is now assumed that the axles 12L and 12R are going to rotate differentially 
because one of the drive wheels on the axles 12L and 12R is mired in a ditch or soft 
ground. In this situation, a differential pinion is going to rotate relative to a bull gear. 
If a normal differential assembly which does not limit differential rotation of axles were 
used, the rotation of differential pinion relative to the bull gear would be substantially 
freely allowed so that the mired drive wheel receives substantially the entire output 
power from the bull gear, and the other grounding drive wheel receives almost no driving 
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power, whereby a vehicle cannot move. 

[0047] However, in the differential assembly 25, each of the helical planetary gears 75 
meshing with the helical sun gear 67L or 67R creates an axial torque bias while it rotates 
relative to the assembled holder (joined half holders 65L and 65R) because of differential 
rotation of the axles 12L and 12R. In detail, in each of the two deltaic holes in the 
assembled holder, the mutually meshing planetary gears 75 cause axial torque biases in 
opposite directions so as to slide their shafts 68 in their axial directions, whereby the long 
and short helical gears 70a and 70b abut at their distal end surfaces against the left and 
right vertical end surfaces of half holders 65L and 65R, and at their proximal end 
surfaces against the sun gears 67L and 67R, thereby generating frictional resistance 
against the rotation of planetary gears 75 relative to the holder. Thus, the differential 
rotation of the sun gears 67L and 67R, i.e., the axles 12L and 12R is limited. While one 
of the drive wheels on the axles 12L and 12R is mired, the other drive wheel receives 
driving power of the bull gear 61 to some degree because of the limited differential 
rotation of the axles 12L and 12R, whereby a vehicle can travel and escape. If the 
driving power received by the non-mired drive wheel is insufficient, the differential lock 
system 60 may be operated. 

[0048] Explanation will now be given of the differential assembly 125, shown in Figs. 5 
to 8, having the fiinction of limiting differential rotation of the axles 12L and 12R. 
[0049] The differential assembly 125 is provided with a holder consisting of left and 
right half holders 165L and 165R contacting a vertical dividing surface perpendicular to 
the axles 12L and 12R. The half holders 165L and 165R are formed symmetrically with 
respect to the dividing surface, thereby facilitating their standardization. 
[0050] Referring to Figs. 6 and 7, axial center portions 165a of the half holders 165L 
and 165R are oppositely expanded so as to be relatively rotatably supported on respective 
proximal ends of the axles 12L and 12R. Each axial center portion 165a has an axial 
central hole into which the axle 12L or 12R is inserted. The axial center portion 165a of 
right half holder 165R is further provided around the axial central hole with a plurality of 
axial holes at regular intervals into which lock pins of the differential lock assembly 60 



11 



are inserted when differential locking. The holes for differential locking need not be 
provided in the left half holder 165L, however, they may be provided therein so as to 
standardize the left and right half holders 165L and 165R. 

[0051] A portion of each of the half holders 165L and 165R is cross-shaped around the 
axial center portion 165a when axially viewed. The bull gear 161 has a cross-shaped 
central hole 161a corresponding to the cross-shaped half holders 165L and 165R. Both 
of the half holders 165L and 165R are fittingly inserted into the central hole 161a, 
whereby the half holders 165L and 165R are fixed together to the bull gear 161. 
[0052] Each of the half holders 165L and 165R has a rectangular opening 165b, as 
shown in Fig. 6. The assembled holder (i.e., when the half holders 165L and 165R are 
fitted in the bull gear 161) has a single hole made by the openings 165b of the half 
holders 165L and 165R coinciding with each other. In the rectangular opening 165b of 
each of the half holders 165L and 165R, each of worm wheels 167L and 167R serving as 
sun gears is fixed on the proximal end of each axle 12L or 12R, and two planetary gears 
175 are disposed symmetrically with respect to the worm wheel 167L or 167R. Each 
planetary gear 175 serves as a gear train between the corresponding worm wheel 67L or 
67R and the bull gear 161. The half holder 165L and the worm wheel 167L supported 
on the left axle 12L, and the two planetary gears 175 meshing with the worm wheel 167L 
constitute a left gear train unit 172L. The half holder 165R and the worm wheel 167R 
supported on the right axle 12R, and the two planetary gears 175 meshing with the worm 
wheel 167R constitute a right gear train unit 172R. Thus, each of the gear train units 
172L and 172R is provided with two gear trains as the two planetary gears 175. 
[0053] The four planetary gears 175 have parallel shafts 168, each of which is rotatably 
supported at its opposite ends by one of the half holders 165L and 165R. The two 
parallel shafts 168 in each half holder 165L or 165R are disposed symmetrically with 
respect to the corresponding worm wheel 167L or 167R perpendicularly to the rotary axis 
of the axles 12L and 12R. Further, the four shafts 168 in the assembled holder (i.e., 
the joined half holders 165L and 165R) are distributed into two sets of parallel shafts 168 
aligned in parallel to the rotary axis of the axles 12L and 12R. 



12 



[0054] Each planetary gear 175 comprises two spur gears 171 and a pinion worm 170 
between the spur gears 171, all of which are fixed on the shaft 168. The pinion worm 

170 directly meshes with the corresponding worm wheel 167L or 167R. The spur gears 

171 are aligned in parallel to the rotary axis of the axles 12L and 12R between the half 
holders 165L and 165R and the left and right parallel shafts 168. The spur gears 171 on 
one shaft 168 directly mesh with the spur gears 171 on the adjacent shaft 168, whereby 
the left planetary gears 175 in the half holder 165L mesh with the right planetary gears 
175 in the half holder 165R. Namely, the left and right gear train units 172L and 172R 
are drivingly connected to each other through the spur gears 171. 

[0055] The two gear train units 172L and 172R, for differentially connecting the axles 
12L and 12R, are combined between the half holders 165L and 165R and provided as a 
unit fitted in the bull gear 161 such that the gear train units 172L and 172R are not 
relatively rotatable. The combined gear train units 172L and 172R can be easily fitted 
into the bull gear 161 without bolts in the above-mentioned way. Alternatively, a bolt or 
another fastening member may be used for fixing them to the bull gear 161 . 
[0056] As mentioned above, when the gear train units 172L and 172R are assembled in 
the bull gear 161 on the axles 12L and 12R and assembled with the differential lock 
assembly 60 on the right side, the left end of the left half holder 165L contacts the left 
retaining ring 80, and the right end of the differential lock assembly 60 contacts the right 
retaining ring 80 (or the axle support portion lOd), whereby the differential assembly 125 
and the differential lock assembly 60 are fixed in place in the housing 10. 
[0057] In the differential assembly 125, the half holders 165L and 165R are rotated 
together with the bull gear 161 driven by output power of the HST 20 through the 
deceleration assembly 15, If the drive wheels on the respective axles 12L and 12R are 
evenly loaded and driving power is evenly distributed between the drive wheels, the 
planetary gears 175 revolve around the worm wheels 167L and 167R as sun gears 
without rotating relative to the holders 165L and 165R, thereby evenly driving the worm 
wheels 167L and 167R, i.e., the axles 12L and 12R. 

[0058] It is now assumed that the axles 12L and 12R are going to rotate differentially 
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for any reason, for example, because one of the drive wheels on the axles 12L and 12R is 
mired in a ditch or soft ground. In this situation, the meshing spur gears 171 are going 
to transmit power between the left gear train unit 172L and the right gear train unit 172R. 
However, the friction force between the meshing worm wheel 167L or 167R and each 
pinion worm 170 is so large as to resist the differential transmission of force between the 
gear train units 172L and 172R, i.e., between the axles 12L and 12R. In this way, the 
differential assembly 125 has the function of limiting differential rotation of the axles 
12Land 12R. 

[0059] It is fiirther understood by those skilled in the art that the foregoing description 
is a preferred embodiment of the disclosed device and that various changes and 
modifications may be made in the invention without departing fi-om the spirit and scope 
thereof 
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